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The p l a sma  r a d i a t i o n  s h i e l d  i s  a scheme f o r  s h i e l d i n g  

a s p a c e c r a f t  f rom MeV p r o t o n s  d u r i n g  a s o l a r  f l a r e .  Using  a 
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t i o n  s h i e l d  p r o m i s e s  a n  order of  m a g n i t u d e  w e i g h t  a d v a n t a g e  

o v e r  c o n v e n t i o n a l  s o l i d  s h i e l d l n g .  
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I N T R O D U C T I O N  

Duririg a s o l a r  f l a r e ,  l a r g e  f l u x e s  o f  h i g h  e n e r g y  p a r -  
t i c l e s  a r e  e x p l o d e d  f rom t h e  ch romosphere  i n t o  t h e  s o l a r  s y s t e m .  
T h e s e  e n e r g e t i c  p a r t i c l e s ,  p a r t i c u l a r l y  p r o t o n s ,  c o n s t i t u t e  a 
r a d i a t i o n  p rob lem which  may b e  c r i t i c a l  f o r  e x t e n d e d  i n t e r -  
p l a n e t a r y  m i s s i o n s .  The most o b v i o u s  way t o  s h i e l d  a s t r o n a u t s  
from t h e  r a d i a t i o n  i s  t o  p r o v i d e  a m a t e r i a l  s h e l l  to stop tile 
i n c i d e n t  p a r t i c l e s .  T h e r e  a r e ,  however ,  a l t e r n a t e  schemes wh ich  
h a v e  been  c o n s i d e r e d .  Pu re  e l e c t r o s t a t i c  s h i e l d i n g  r e l i e s  o n  
c h a r g i n g  t h e  v p h i c l e  to a p o t e n t i a l  high eno::gh t o  r e p e l  t h e  
o p p o s i t e l y  c h a r g e d  p a r t i c l e s .  Such a scheme c o l l e c t s  and  a c c e l -  
e r a t e s  p a r t i c l e s  o f  t h e  o p p o s i t e  s i g n ,  however ,  and  a p p e a r s  un- 
f e a s i b l e .  A p u r e  m a g n e t i c  scheme s u r r o u n d s  t h e  v e h i c l e  w i t h  a 
m a g n e t i c  f i e l d  and d e f l e c t s  c h a r g e d  p a r t i c l e s  o f  b o t h  s i g n s  i n  
t h e  same way t h a t  t h e  g e o m a g n e t i c  f i e l d  d e f l e c t s  cosmic  r a y s .  
Bo th  o f  t h e s e  schemes have  b e e n  d i s c u s s e d  i n  a p r i o r  Bellcomm 
Memorandum f o r  F i l e .  (1) 

Thn nllnnn_n +)7' - 7 -  . ,  - .  . .  
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scheme,  t h e  p l a sma  r a d i a t i o n  s h i e l d  which  i s  c u r r e n t l y  b e i n g  s t u d i e d  
a t  t h e  Avco-Evere t t  R e s e a r c h  L a b o r a t o r y  b y  D r .  R i c h a r d  Levy.  (2) 

THE PLASMA R A D I A T I O N  SHIELD -- 

F i g u r e  1 shows a w e i g h t  compar i son  o f  t h e  p l a s m a  r a d i a -  
t i o n  s h i e l d ,  p u r e  m a g n e t i c  s h i e l d i n g  and  s o l i d  s h i e l d i n g .  The 
w e i g h t s  a r e  based on e q u a l  d o s e s  b e h i n d  t h e  s h i e l d s  w i t h  a d e s i g n  
p r o t o n  e n e r g y  o f  2 0 0  MeV. It i s  c l e a r  t h a t  t h e  a d v a n t a g e  o f  p u r e  
m a g n e t i c  s h i e l d i n g  o v e r  s o l i d  s h i e l d i n g  a p p e a r s  o n l y  when l a r g e  
volumes  a re  b e i n g  s h i e l d e d  and t h e n  i s  n o t  e v e n  a n  o r d e r  o f  maq- 
n i t u d e  improvement .  When one c o n s i d e r s  t h e  c o m p l e x i t y  o f  t h e  
m a g n e t i c  s h i e l d  t h e  b e n e f i t s  become m a r g i n a l .  The p l a sma  rad ia-  
t i o n  s h i e l d ,  however ,  a p p e a r s  to p r o m i s e  s i g n i f i c a n t  g a i n s  f o r  
t h e  added co rnp lex i ty  and  t h e r e f o r e  m e r i t s  c l o s e r  a t t e n t i o n .  
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The p l a s m a  r a d i a t i o n  s h i e l d  u s e s  a c l o u d  o f  e l e c t r o n s  
s u r r o u n d i n g  t h e  p o s i t i v e l y  c h a r g e d  s p a c e  v e h i c l e  to s e t  up a 
1arp.e e l e c t r o s t a t i c  f i e l d  which  r e p e l s  p r o t o n s .  The c l o u d  of 
e l e c t r o n s  i s  h e l a  i n  p l a c e  b y  a m a g n e t i c  f i e l d .  The e l e c t r o n s  
f o r m i n g  t h e  c l o u d  arp e j e c t e d  w i t h  low e n e r g i e s  f r o m  t h e  s p a c e -  
c r a f t  as t h e  m a q n e t i c  f i e l d  i s  b e i n g  s e t  u p .  S i n c e  t h e  p a r t i c l e s  
a r e ,  i n  some s e n s e ,  t i e d  to t h e  f i e l d  l i n e s ,  t h e y  a r e  c a r r i e d  
i n t o  s p a c e  by t h e  i n c r e a s i n g  m a y n e t i c  f i e l d .  The  s p a c e c r a f t  i s  
t h e r e b y  r a i s e d  t o  a h i y h  p o t e n t i a l  and t h E  r e g i o n  be tween  t h e  
s p a c e c r a f t  and  t h e  c l o u d  c o n t a i n s  a l apse  e l e c t r o s t a t i c  f i e l d .  
The o v e r a l l  c o n f i g u r a t i o n  o f  v e h i c l e  a n d  c l o u d  i s  n e u t r a l .  
F i n a l l v ,  t h e  e l e c t r i c  and m a g n e t i c  f i e l d s  a c t  to c a u s e  a n  
a z i m u t h a l  p a r t i c l e  d r i f t  which i s  h o p e f u l l y  D a r t  o f  a s t a t i o n a r y  
e q u i l i b r i u m .  

C o n s i d e r  t h e  t o r o i d a l  s p a c e c r a f t  shown i n  F i g u r e  2 .  
I n  t h e o r y ,  t h e  c l o u d  o f  e l e c t r o n s  g i v e s  r i s e  to a r a d i a l  e l e c -  

d i p o l e  m a g n e t i c  f i e l d  B, which i s  e v e r y w h e r e  p e r p e n d i c u l a r  to 
t h e  e l e c t r i c  f i e l d .  In such  a c r o s s e d  f i e l d  c o n f i g u r a t i o n ,  t h e  
electrons d r i _ f t  y e r p e n d i c u l a r  b ~ t h  %he e l e c t r i c  2nd - ; , - z . n ~ t i c  Y 

f i e l d s ,  t h u s  c i r c l i n g  t h e  s p a c e c r a f t  as shown. D r i f t  s p e e d s  az 
h i g h  as  ha l f  t h e  s p e e d  o f  l i g h t  a r e  p r o p o s e d .  The p o s s i b i l i t y  
t h a t  s u c h  a c o n f i g u r a t i o n  of  f i e l d s  and  p a r t i c l e s  may s u r v i v e  
f o r  p e r i o d s  t h e  o r d e r  of  two d a y s  l o n g  i s  what  makes t h e  c o n c e p t  
i n t e r e s t i n g .  It s h o u l d  be  n o t e d ,  of  c o u r s e ,  t h a t  t h e  e l e c t r o n s  
have  a much more c o m p l i c a t e d  m o t i o n  t h a n  t h a t  d e s c r i b e d .  They 
s p i r a l  a round  t h e  m a g n e t i c  f i e l d  l i n e s  as t h e y  d r i f t  i n  v e h i c l e  
l o n p - i t u d e ,  thev c o l l i d e  and d i f f l J s e ,  .nd theh7 hat7e a d d i t i o n a l  
d r i f t s  d u e  t o  t h e  g r a d i e n t s  o f  t h e  e l e c t r i c  and  m a g n e t i c  f i e l d s .  
lninetner o r  n o t  s u c h  a d e v i c e  c a n  b e  made t o  work i s  p r o b l e m a t i c a l  
a t  t h i s  t i m e .  

t r i c  f i e l d  ~ j k . , i l e  t h e  s u p e r c o n d u c t i n ;  cells s e t  ~p 2 i y e s i - l y  

PROBLEM AREAS 

The  p l a s m a  r a d i a t i o n  s h i e l d  i s  n o t  w i t h o u t  i t s  p r o b l e m s  
The c o n f i g u r a t i o n  must  b e  s t a b l e  and  e f f e c t i v e  f o r  one  or two 
d a y s  a t  a t i m e  and  t h i s  p l a c e s  s e v e r e  r e s t r i c t i o n s  on t h e  con- 
f i g u r a t i o n ' s  dynamics .  The most c a t a s t r o p h i c  p o s s i b i l i t y  i s  t h a t  
t h e  e l e c t r o n  c l o u d  m i g h t  be u n s t a b l e  a n d  c o l l a p s e  w i t h i n  t h e  two 
day p e r i o d .  Q u e s t i o n s  of  s t a b i l i t y  a re  e x t r e m e l y  d i f f i c u l t  to 
d e c i d e ,  e s p e c i a l l y  i n  complex g e o m e t r i e s  w i t h  s p a t i a l l y  v a r y i n g  
f i e l d s ,  b u t  what  a n a l y s i s  has b e e n  done  h a s  b e e n  e n c o u r a g i n g ,  
a l t h o u g h  o n l y  t h e  s i m p l e s t  g e o m e t r i e s  h a v e  b e e n  c o n s i d e r e d .  

L a b o r a t o r y  e x p e r i m e n t s  a r e  p r e s e n t l y  b e i n g  done  i n  
r e l a t e d  g e o m e t r i e s  and t h e s e  t o o  have  b e e n  e n c o u r a g i n g .  Whi l e  
s u c h  r e s u l t s  a r e  i m p o r t a n t ,  i t  i s  n e c e s s a r y  t o  r e a l i z e  t h a t  no 
e x p e r i m e n t  t o  da t e  h a s  d e a l t  d i r e c t l y  w i t h  t h e  p l a s m a  r a d i a t i o n  
s h i e l d .  
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Outgassing and vehicle leaking are other critical con- 
siderations. Neutrals outqassed or leaked from the spacecraft 
will be ionized rapidly by the electron cloud and the ions pro-  
duced will be repelled by the shield, taking with them the energy 
gained by falling through the shield's electric field. Estimates 
show that leak rates larger than 10--6-10-4 grams of oxygen in 
two days would be enough to completely discharge the field. Leak 
rates of 2.2 pounds per day were experienced on Mercury vehicles 
and while no particular care was taken to reduce leaks, it is 
clear that many orders of magnitude separate the required and 
state-of-the-art leak rates. 

Even if the shield were to operate, it would have to 
be satisfactorily integrated into the spacecraft. Controlling 
leaks is only one of the problems to be considered. It is clear, 
fcr example, that during a solar storm no attitude control or 
propulsive device could be used which had an exhaust. T i l i i r ,  =in 
ion engine vnzuld have to be shut down d u r i n g  a storm. 

CONCLUSIONS 

It seems highly unlikely that some simple calculation 
can be performed which w i l l  demonstrate that the concepts under- 
lying the plasma radiation shield are unsound. A great deal of 
thought and effort has gone into the experiments and analyses 
2nd no such flaw has yet appeared. If the system is unstable or 
unworkable, it will only be found so after a great deal of effort. 
The problems associated with anomalous diffusion and containment 
are notoriously difficult to handle and usually require experi- 
T 3 p R t z L l  r ,zt ,heF thaI-1 ' ',' "'""" i,i.cdlLlieii~. i I l 5  corlLiqoiled nuclear 
fusion program is an obvious example of the kinds of difficulties 
which are possible. 

I ,  8 ,. LI;Lu.i i; I .  ";,-sL . . .  - - - - - > ? - - - *  

At present, this research is being funded by NASA, the 
Air Force, and the AEC which is interested in the containment 
possibilities of the idea. There is no question but that the 
research to date has been scientifically fruitful and that Avco- 
Everett has done its homework, nor is there any question but that 
solutions to difficult problems will have to be found before such 
a device is operational. As in controlled fusion, the risk must 
be measured in terms of the need and the magnitude of the reward. 
As D r .  Levy has written: "The nature of the plasma radiation 
shield is such that it is n o t  by any means certain that it will 
be successful. However, if it is successful, it offers the 
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~~i~o::p~~ct of radiation shielding at a comparatively lcw cost 
i i i  wejght, provided that certain features of the device prove 
tc b e  compatible with broader aspects of the space mission 
1)i.ofile . u ( 2 )  

Acknowledgement: The figures used in this memorandum 
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Fig .  1 Compara t ive  weights of solid,  pu re  magnet ic ,  and Plasma Radia-  
t ion Shields ,  for  200 MeV design proton energy.  Note the l a r g e  
absolute  weights of solid and p u r e  magnet ic  shielding, and that ,  
even i n  v e r y  large volumes, the Plasma Radiation Shield weighs 
l e s s  than a th ree  man s t o r m  ce l l a r .  Note a l s o  that while the 
s t o r m  c e l l a r  "works", the Plasma Radiation Shield has  not yet  
been  shown to work. 
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Fig .  2 The P l a s m a  Radiation Shield. The four  coi l  a r r angemen t  of the 
superconductor i s  more  of a suggestion than a definite design. 
The e lec t ron  cloud c a r r i e s  a negative charge  equal and opposite 
to the posit ive charge  on the space vehicle.  Solar  protons a r e  
ref lected by the e lec t r ic  field between these cha rges ,  and a r e  
vir tual ly  unaffected by the magnetic field. The e l ec t ron  cloud 
dr i f t s  around the vehicle in  the direct ion shown; the exis tence 
of this dr i f t  ( s ee  Fig.  4) makes the P l a s m a  Radiation Shield 
a cousin of the crossed-f ie ld  microwave magnetron. 
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